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COMPARISON OF HADDOCK FROM GEORGES AND BROWNS BANKS

By HOWARD A. SCHUCK and EDGAR L. ARNOLD, JR., Fishery Research Biologists

Two large areas in the Northwest Atlantic
Ocean are of utmost importance to the United
States haddock fishery. These are the Georges
Bank area and the chain of Nova Scotian banks.
From these two areas comes over 95 percent of the
United States production of haddock. In the
years 1931 to 1949, the Georges Bank area pro-
duced about 2,092,000,000 pounds (round weight)
of haddock and the Nova Scotian banks better
than 910,000,000 pounds. '

These two areas are close geographically but
are separated by the relatively deep Fundian
Channel.
this channel as a barrier to the passage of had-
dock (Melanogrammus aeglefinus) between the
Georges Bank area and the group of Nova Scotian
banks is economically and scientifically important.
Its answer, among other things, determines
whether the haddock stocks in the two areas can
be expected to fluctuate simultaneously or whether
they must be considercd separately in interpreting
observed fluctuations in abundance.

It is possible that some intermingling of the
egg or fry stages may occur between the two banks.
Walford (1938), however, concluded that during
1931 and 1932 (the only years in which the drift
of young has been studied) Georges Bank, at
least, had received no recruits from other arcas.

Regarding the bottom-dwelling stages of had-
dock, various investigators (Needler 1930, Her-
rington 1944) cxpressed the opinion that inter-
migration between the two arcas is negligible,
and that the populations inhabiting the two arcas
are largely independent. At present, direct evi-
dence from the movement of marked fish is
limited. Returns from haddock tagged in shallow
inshore waters have been obtained (Needler 1930,
Schroeder 1942, Rounsefell 1942, United States
Fish and Wildlife Service unpublished records), but
carly tagging of large groups of haddock located
off shore was unsuccessful.
cate haddock require special methods of collecting
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The question of the effectiveness of -

The extremely deli- -

and handling, particularly in deep water, if
returns are to be obtained. ~ Recent attempts at
offshore tagging from the Albatross 111 are proving
successful, but it will be some time before enough
returns are available to determine how much mi-
gration occurs across the Fundian Channel.

As for indirect lines of evidence,- Vladykov
(1935) has shown small differences in the aveérage
numbers of vertebrae in haddock from Georges
Bank and -the Nova Scotian banks. The sig-
nificance of the differences is not known, as no
measures of variation of these averages were given.
Other data by Needler (1930) indicate differences

.in the size composition and the growth rate be-
tween Nova Scotian and Georges Bank haddock.

But, again only averages were given and the sam-
ples were taken by commercial gear which ex-
cluded the younger ages and possibly exercised
selection for the larger sizes of certain ages.

Recent data collected on a cruise of the Albatross
II1, research vessel of the United States Fish
and Wildlife Service, make possible a critical
comparison between the haddock from Georges
Bank and those from Browns Bank, .the Nova
Scotian bank lying closest to Georges. By such
a comparison, it is the purpose of this report to
consider further the cffectiveness of the Fundian
Channel as a barrier to bottom-dwelling stages
of haddock. In effect, this study supplements
Needler (1930) by including younger fish and by
providing stringent statistical compauson of data
from the two banks.

In collecting the original data for this study
John B. Colton, Jr., Frank A. Dreyer, Frceman
A. Pluff, Louis D. Stringer, and Roland L. Wigley
assisted: Sterling L. Cogswell and Richard E.
Sayles prepared the scales for study, and Manuel
Vieira prepared the illustrations. - Robert Kirk-
patrick summarized .the 1950 Browns Bank data,
and-John C. Marr, Chicef, South Pacific Fishery

. Investigations, reviewed the manuseript.
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FIGURE 1.—Areas of Georges and Browns Banks from which sample haddock were taken.
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HADDOCK FROM GEORGES AND BROWNS BANKS . 179

COLLECTION OF DATA

Cruise 23 (June 23 to June 29, 1949) of the
Albatross III was made primarily to tag haddock
on Georges and Browns Banks. However, length

measurements and scale samples were obtained con-

currently from a substantial number of fish on each
of the two banks, and these data form the basis
for this report.

The mesh in the otter trawl used was small
enough, 2-inch stretched measure, to obtain a
representative sample of all sizes and ages of
bottom-dwelling haddock (other than young of
the year) in a given area. The samples were
obtained from two locations on Browns Bank
and from five locations on Georges Bank (fig. 1).
These locations were not selected at random,

but "all fish caught on the two banks were taken

in nets of the same size, fished in the same manner.

SIZE COMPOSITION

During this cruise, 10,163 haddock were caught
in 61 tows, 9,321 in 45 tows on Georges Bank
and 842 in 16 tows on Browns Bank. The
size compositions® of.these catches are shown
in table 1. The percentage size compositions
of the catches from the two banks also are shown.
in table 1 and are plotted in figure 2. From
these data it,can be seen that there is a marked
difference in the size compositions of the catches

from the two banks.

1 By fork length, from tip of snout to fork of tail. All lengths were re-
corded by centimeters, that is, lengths from 20.0 centimeters to and including
20.9 centimeters were recorded as 20.0 centimeters, lengths from 21.0 centi-
meters to and including 21.9 centimeters were recorded as 21.0 centimeters,
and 8o on. Data are arranged in 3-centimeter groups, thar is, 20-, 21-, and
22-centimeter fish are grouped as 21-centimeter fish; 23-,24-, and 25-centimeter
fish are grouped as 24-centimeter fish, and so on. :

PERCENTAGE
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LENGTH IN CENTIMETERS

Ficure 2.—Percentage size compositions of haddock eatches from Georges and Browns Banks,
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TaBLE 1.—Size compositions of haddock catches from

Georges and Browns Banks
A\

Georges Bank Browns Bank
Length in 3-centimeter groups !
Number | Percent | Number | Percent
15 centimeters. . _...._...._. [ NN 29 3.4
18 centimeters. .. ______. ... 511 5.48 160 19. 00
21 ecentimeters._________ ... 2,073 31.90 -129 15.32
24 centimeters. 3,180 34.12 99 11.76
27 centimeters. 734 7.87 52 6.18
30 centimeters. 75 .81 81 9.62
33 centimeters. 182 1.95 41 4,87
36 centimeter - 410 4. 40 32 3.80
39 centimeters______.__......... 376 4.03 47 5.58
42 centimeters. ... 208 3.20 53 6.20
45 centlmeters. ... ... .. 239 2,56 42 4.99
48 centimeters.. 159 L7t 46 5.46
51 eentimeters______ ... ._..._.. 117 1.26 12 1.42
54 centimeters._ ... ____._..... 40 .43 10 1.19
57 centimeters. . ... ... 18 .19 4 .48
- 60 centimeters._ pees 3 .03 4 .48
3 centimeters.__ 3 .03 1 12
66 centimeters. 1 .0
69 cenlimeters.
72 centimeters._
Total . .

1 Sec text footnote 1.

" SIZES AT VARIOUS AGES

Without some method of age determination,
we could only speculate about the ages of the fish
represented by the modes in these size distribu-
tions. Fortunately the age of haddock, at least
for the ages represented here, can be assessed
accurately by microscopic éxamination of impres-
sions of their scales. Figure 3 shows impressions

of scales of 1-, 2-, 3-, and 4-year-old haddock .

collected on this cruise. -
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Seale samples were taken from 1,285 haddock,
823 from Georges Bank and 462 from Browns
Bank. Tables 2 and 3 show the distribution of
these fish by size, and the number and percentage
of fish from cach size group that were assigned to
each age on the basisof scale examination. From
the percentages thus obtained, it was possible to
estimate how many fish in the total catch were
of each age. . )

It was necessary to determine -the number of
each age in the entire catch, rather than to use
only the age samples of tables 2 and 3, because
scales were taken from more large fish than from
small, in proportion to their abundance. This
was done because of the relative scarcity .of
larger sizes and because of the greater number of
ages that make up the size groups of larger fish,

The age composition of the total catch was ob-
tained by allotting the total catch of each size
group (table 1) to the various ages on the basis of
the percentages shown in tables 2 and 3. For
example, the Georges Bank -age analysis showed
that, of all 18-centimeter fish for which age read-
ings” were made, 100 percent were l-year olds.
Accordingly, the total catch (511) of 18-centi-
meter haddock taken on Georges Bank were con-
sidered to be 1-ycar-old fish. Likewise, of all
36-centimeter fish for which the ages were read,
92.1 percent were 2-year-olds and 7.9 -percent
were 3-year-olds. Thus, of the 410 fish of 36

’

TABLE 2.—Age composition of 823 Georges Bank haddock, by scale analysis

[In parentheses is the percentlage that cach age conl.rib,ul.od 10 the total for each size)

) Number and percent. in age group— "
Length in 8-ceniimeter Total
<1 - number,
groups all ages
1 2 3 4 5 6 7 8 9 and over
g

18 contimeters_..__.___..___... 3 (100.0)f 3
21 centimeters. 39
24 centimeters. 39
27 cenlimeters. 18
30 centimeters. 13
33 centimeters. .. 65
36 centimeters. 151
39 centimeter 155
42 centimete 1
45 centimets 89
48 centimeter: 62
51 centimeter 49
54 centimeter 14
57 centimeters. 8
60 centimeters_ .. . .___... ... 2
63 centimeters. ... 2
66 centimeters ... ... 1
69 centimeters. - 0
72 centimeters_....__ ... ... 2

All'sizes .___._._..__.__. 105 352 251 K 14 (R O 2 1 823

1 See text footnote 1.
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TABLE. 3.—Age composition of 4682 Browns l?ank haddock, by scale tmalya.q-is

[In parentheses is the percentage that each age contributed to the total for each size]

Number and percent in age group—

Length in 3-centimeter m’xrx‘x,lt!?;r
groups ! 11 ’
: 1 2 3 4 5 6 7 8 9and over | B8 8ges
15 centimeters._.._____________.. 13 (100.0)
18 centimeters..___________.___.. 62 (89.9
21 centimeters...______________. 13 (16.0)

24 centimeters_..
27 centimeters...

51 centimeters..
54 centimeters..
57 centimeters..
60 centimeters..
63 centimeters..

ey
SS%sER

»_Fmagﬁaﬁsﬁsaﬂﬂsa

© 2 (100.0)

All sizes.. ... ... ___. 88 136 119 - 81

‘12 7 5 2 2

-
8

1 See text footnote 1.

centimeters caught on Georges Bank, 378 (92.1
percent) were estimated to be 2-vear-olds and 32
(7.9 percent) to be 3-year-olds.

The total numbers of haddock caught of each
size and age, shown in tables 4 and 5, were trans-
formed into percentages and plotted in figure 4.
In effect, this amounted to converting the per-
centage size compositions shown in figure 2 into
percentage age compositions. From figure 4, it
can be seen that, as already suspected from figure
2, the modes are composed largely of fish of
different ages.

TABLE 4.——Esmmited age distribution of haddock catch from
Georges Bank

Number in age group— -~ i
Leng{.h in 3-cenf.l— l‘:;.lal,
meter groups pand/ agbs
1 2314|5678 [over
18 centimeters...._.._. [ Y SRR VRS FEVUVNN FIPUPE) JRPRES FRPRE DR [P 511

21 centimeters._._
24 centimeters.__
27 centimeters.
30 centimeters
33 centimeters
36 centimeters..

39 centimeters......o..o|ooo.-- 256 121 || ..o eeefeaci]eanc]e s T 318
42 cenlimeters........._]..____ 91 [ (A RN (N (RS A, 208
45centimeters__________l______| 5|18 | 48 | __.{ ..t __l___4.____. 239
48 centimeters___.._____[._____|.._.190 |59 | 10 |- . |-} |oaao-- 159
51 centimeters.________|._____}C___| 24 83| 10§ || ]--co-- 117
54 centimeters. 40
57 centimeter 18

60 centimeter:
63 centlmeters._. 3
66 centimeters._ 1
69 centimeters. ... o [o__.. ) (1}
72 centimeters_.________[.__.._ ——- 2

RSN O SO PR PO R () | 1

All sizes..._........ 7.433 |951 |655 (233 (35 (10| N | 3 116,321

It can be seen from figure 3 and also from table
6 that for each age the fish caught on Georges
Bank were considerably larger than those cavght
on Browns Bank. One-year-olds from Georges
averaged 22.7 centimeters as compared with only
17.9 centimeters from Browns; 2-year-olds from
Georges were 36.6 centimeters as compared with
22.4 from Browns; 3-year-olds were 43.2 centime-
ters as compared with 30.6; 4-year-olds were 49.4
centimeters as compared with 41.1 centimeters.
Also shown in table 6 are the ranges of the means,
expressed as the mean + 2 times its standard

TaBLE 5.—Estimated age distribution of haddock calch from
Browns Bank

Number in age group—
Leng‘th in 3-een:.l- Tgﬁ:l,
meter groups
1{2(3(4]|5|6|7|s [Pand)ees

15 centimeters....._...... 204 20
18 centimeters: 6 160
21 centimeters. 129
24 centimeters.
27 cenilmeters_.
30 centimeters........ 81
33 centimeters...._.___ . 41
38 centimeters.....___.___ . . 32
39 centimeters......_.__.. . 5 47
42 centimeters.. . 53
45 centimeters. 42
48 centimeters 46
51 centimeters. 12
54 centimeters. 10
57 centimeters.. 4
60 centimeters.._.._. R . . 4
63 centimeters..._.__..... . .- 1

Allsizes_......_._.... 194 |235 181|126 |80 (10| 9| 6 1 842

1 See text footnote 1.

1 See text footnote 1.
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F1aure 3a.—Impressions of scales of 1-, 2-, 3-, and 4-year old haddock from Georges Bank.
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F1eURE 3b.—Impressions of scales of 1-, 2-, 3-, and 4-year-old haddock from Browns Bank.
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- Ficure 4.—Percentage age compositions of haddock catches from Georges and Browns Banks.

error. The variation within the age groups was
such that if sampling continued, about 95 percent

of the mean lengths obtained might be expected .

to fall within the limits indicated.

The differences in average length between the
Georges and Browns Banks fish for each age were
found to be highly significant.? The F-test (pro-
duced by the analysis of variance of the lengths
in tables 2 and 3) showed values far in excess of
the 1 percent level. The probability is much less
than 1 in 100 that such a large difference in the
average length at each age would be due to chance
samplmg of a homogeneous population of fish. If
average lengths are plotted against age for the
Browns Bank data, it is seen that the curve is not
as smooth as that for the Georges Bank data and
that two points (2- and 3-year-olds) seem par-
ticularly at variance with (below) what we might
expect in a “normal” growth curve. We believe
. this -is due to the fact that, in general, there is

2Agesl to 5 only.. No tests of significance were computed for older ages.

variability in growth rate between different year
classes and one cannot expect to obtain a smooth
or “normal”’ growth curve from a single year’s
collection of data. Specifically, we contend that
the 1946 and 1947 year classes on Browns Bank
were subnormal in attained size.

TABLE 6.——.Mean'length'and length range of various ages
of haddock from Georges and Browns Banks

[Averages computed from tables 4 and 5: standard errors from tables 2

an :i Figures in parentheses show number of fish for which ages were
read.
Georges Bank Browns Bank
Age
Mean Length Mean Length
length range ! length range !
lyear.. . oooao... 22.7 (105) 17.9 (88)f 17.6t018.2
2 years...... 36.6 (352} 22.4 (1368) 22.0t022.8
3years...._. 43.2 (251) 30.6 (119)( .30.1to31.1
4 years 4 (02) 41.1 (A1)} 40.2t042.0
5 years..... 52.4 (14) 46.4 (42)} 45.4t047.4
6 years..... 50.1 (6) - —-
7years..... - [(] -
Byears. .. oaeeee- 62.0 (2)---
9 years and over..._.. 72.0 (1)

1 Meand-2 times its standard error. . t
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After this report was begun, the Albatross 111
completed its 1950 summer census on Browns

Bank and there became available a means of

testing this hypothesis: If true, the 3- and 4-
year-olds taken in 1950, rather than the 2- and
3-year-olds in 1949, might be found to be smaller
than expected. To investigate this, we com-
puted the average size at each age of all haddock
from which scales were taken on Browns Bank
in 1950. These average lengths in centimeters

are as follows: :
. Number

Average

length tncluded
1-year-olds_ . _ _____ 19.3 43
2-year-olds._ _ __ ... ’ 26. 3 141
3-year-olds__.._____ 31.5 122
4-year-olds______ .. 38.5 164
5-year-olds_ ___..__ 48.0 - 180 -
6-year-olds_ _ .. .___ 51. 4 . 162
7-year-olds_ - __ . ___ 55.1 117

If these values are plotted it can be seen that -

the points for 3- and 4-year-olds do fall below
the general trend. Thus it appears that the 1946
and 1947 year classes actually had smaller at-
tained sizes, and this appears to be a reasonable
explanation for not obtaining a smooth growth
curve from the 1949 collection of data on Browns
Bank. :

A complet.ely chance sampling of a homogeneous
population in nature is difficult to obtain, but we
believe that our sampling was sufficiently repre-
sentative to confirm the differences described here.
First, the haddock were caught. over several
hundred square miles of Georges Bank and over
about 100 square miles of Browns Bank. Such
large areas were not covered thoroughly, of course,
but the net was set at random within them. Sec-
ond, the saine otter-trawl net was used on the two

banks and ‘it should have sampled similarly the -

same-size fish on the two banks and unquestionably
. should have made no selection of different ages
at the same size. Third, from extensive (un-

published) studies of the catch of the commercial

fleet on Georges Bank we know that haddock

from different parts of Georges Bank grow at

rather similar rates. The other possible objection
to the tests of significance concerns the ‘“normal-
ity” of -the size distributions for various ages.

Inspection of figure }¢ indicates that all curves are
close to normal except the flat-topped one for 2-
year-old haddock from Browns Bank; even this
one instance of kurtosis should have little effect
on the tests of significance.

SUMMARY

The haddock on ‘Georges and Browns Banks
grow at different rates. One-year-old haddock
averaged 22.7 centimeters on Georges Bank as
compared with 17.9 centimeters on Browns; 2-
year-olds averaged 36.6 on Georges, 22.4 on
Browns; 3-year-olds were 43.2 on Georges, 30.6
on Browns; 4-year-olds were 49.4, and 41.1; and
5-year-olds were 52.4, and 46.4. This difference
indicates that hereditary or ecological condi-
tions governing growth are different in the two
areas and that important intermigrations of the
bottom-dwelling stages of haddock do not occur.
As a consequence, we need not expect the stocks
to fluctuate simultaneously and we should con-
tinue to collect and to analyze separately for the
two areas the statistics of landings, age, growth,
abundance, and other biological data.
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